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1980 REFINED AERODYNAMIC
) CONFIGURATION

_ 1979 1980
W,“ L/D =103 . L/D=103
| INCREASE PAYLOAD FROM
225 TO 308 PASSENGERS (37%) i«
INCREASE WING AREA FROM
{ 873.3 m2 (9400 FT2) TO
ﬂ_ 929 m? (10,000 FT2)
Jl |m|||
71 DEG INCREASE TOGW FROM e
M 319,788 kg (705,000 LB)
; TO 340,200 kg (750,000 LB)
n = 0.7
n = 0.7 .
J H| 1 H
m m — 61.5 DEG
61.5 DEG

(L/D BASED ON METHODS WHICH PREDICT
WIND-TUNNEL DATA)

80-AST-6438
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LEADING EDGE SLATS

AST OUTER WING SECTIONS

ACTUATING LINKAGE

. FRONT SPAR
TRACK AND ROLLERS

ROTARY ACTUATOR

80-AST-6288
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LOW-SPEED INLET TEST STATUS

OCTOBER 1980

GEOMETRY OF INLET AND LIP DEFINED; MODEL DRAWINGS 95
PERCENT COMPLETE"

INSTRUMENTATION DEFINED
10

TEST PLAN DEFINED AND REVIEWED WITH NASA

INITIAL DISCUSSION CONDUCTED ON METHOD OF MODEL SUP-
PORT AND FAN AIRFLOW CALIBRATION

~ FABRICATION 75 PERCENT COMPLETE

80-AST-6409A
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mMCcooONNELL grﬂ@l

WING ACCESS PANEL ASSEMBLY

SPF/DB SANDWICH ELONGATED TRIANGLE OR RECTANGULAR PATTERN

Il'_ 1.25 pe—

FACESHEET—~ | | I FacE SHEET

DOUBLER—|

. ™—pousLer

A=A

SEAL RING
0.04 SEALING STRIP

L] L4
AST
32.00
— 16.00
20.50 APERTURE !
DOUBLER
. /— DOUBLER
oo 0 defe T T el e eieiele oie
_ _ -2 A - 0
e — -K . \f : M-»ra;/ v m\\m.h
‘ A i i L4 el
o Il
xr
* .m
t o+
+ |
!
.
'
| m OF CORE SHEETS 12
“ - e -
" 14 '-- 11.50
¥ o.’ .-i APERTURE
— or—1E t
N e ¢
S\ 440- ()
" \ ./,/./nu/// ‘." \\_MQ\Q L.\lﬁx
| AN O///: An \\\\\ _.<h
i N . L
) ~ ~NO g T o P ghs
| . -~ 0 0 04 o O = T4
e - 2o L2 16.00
+ 4 * e .
+ B
o [o}e
. 1) L@t 1e
S e~ W
. I I My
LR s F i S N
Qo o0 + + - - e 4 1 \O\@e\® ¢
| \_WELD ASSEMBLY

COVER PANEL ASSEMBLY
SKIN PANEL ASSEMBLY

80-GEN-237938
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MCDONNELL UOCQ-@@’

Somramaion MDC DEVELOPMENT

WING TRAILING-EDGE SECTION

SPF/DB SANDWICH (RECTANGULAR PATTERN)

80-AST-6375
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NOZZLE
VELOCITY
COEFFICIENT

(Cv)

MDC AST NOZZLE PERFORMANCE

12-LOBE/24-TUBE SUPPRESSOR/EJECTOR

0.90

0.88

P

FLIGHT
MACH
NUMBER

NOZZLE
RESSURE
RATIO

-

........ e WIND TUNNEL TEST

DATA SOURCES

0.270 0.4 M, 2.5 TO 4.0 NPR
DIANE TEST, 1974
4.0 0.0 TO 0.25 M, 2.0 TO 2.5 NPR

MAY 1979
........ EXTRAPOLATED

PREDICTED AST
OPERATING POINT

-
-
-

0.86

80-AST-6309A
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AST GENERAL ARRANGEMENT

308 PASSENGERS

18

OVERALL LENGTH _ _
99.665 m (327.00 Ft)
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FUEL EFFICIENCY COMPARISON

|

| FUEL

w CONSUMED

PER

1000 ASM'S

w
B o oc
slol | 15 [alel.l«Blslele] [BlslelB/E]8le] S
-15121212| 8 (22313 2 12 R R e R 2 RlIR R IEl5] 2
<o mle S| 7R RB (V[ w|S|S|S[R2d|N[S[h] ©
_u L |B[8I8IZ]2] = |=[2][8]5]8 |55 =] 82| 5 |5]E(8] ©
|~—WIDE-BODIED —~|«——NARROW-BODIED -~
,U SOURCES: A

CAB FOURTH QUARTER 1978 (SUBSONIC AIRCRAFT)
SCQ—:)m A>w.—.. oozooxUmV 9AST6738-1

20

/
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AST-1J WITH B18B ENGINES

COMPARATIVE TOTAL OPERATING COSTS

1979 DOLLARS
FUEL AT 62 CENTS/GALLON
14
| 12
10
TOC 8
(CENTS/AS N MI) ~—
6 . X
jﬂy ; MDC-AST *_Sm SEATS)
4 T DC-10-30 (270 SEATS).
7 PERCENT -
2
° .
0 1 2 3 4 5 6 7

RANGE (1000 N MI)

9-AST-6563 B




(IW N 0C0E) W) 95GS J01

ar-9295-15v- 3QYOINOD 1SV y y 01-20
(INN aidia mm« DAV #
-49Sd/?) (G€) (0E) (s2) (02) (s1) (o1) (S) (0)
r ] T _ _ | I ]
WX-49Sd/? 81 91 b1 A ot 8 9 v r4 0 0
M |}
2
8 2
2 @ = o1
m ) < X
L m m
2 3 5
= c
o 2 3
m Q _A 0z (IN3O¥3d)
» O INNIAY
S S
b T
g3
g0 o€
0oL v1i0L =3 o
65 $3dv4 G31NNOJSIA u s X
9z SSV12 AWONOD3 P
Gl 3QHOINOD + SSVY1D 1SHIA m
LN3IOYH3d JNNIAIY J1d44dvHLl oV

FJIAY3S YIDNISSVd AITNAIHIS

91LNV1LY HLYON 66T — NOILNAIYLSIA INN3IATY

€2



CRITICAL TECHNOLOGY ITEMS

DEVELOPMENT LEADING TO FABRICATION AND TEST OF TITANIUM WING AND
FUSELAGE MAJOR ASSEMBLIES
e FABRICATE (INCLUDING DEVELOPMENT OF EFFICIENT ATTACHMENTS) AND
SERVICE-TEST MAJOR AIRCRAFT SPF/DB COMPONENTS
e FABRICATE AND TEST SMALL, MEDIUM, AND LARGE SPF/ Uw SANDWICH ASSEMBLIES

NOISE-SUPPRESSION TESTING

e COANNULAR IN-FLIGHT — MODERATE AND LARGE SCALE
e IMPROVED MECHANICAL iN-FLIGHT — MODERATE SCALE
e MECHANICAL IN-FLIGHT — LARGE SCALE

HIGH SPEED
e FABRICATE AND TEST NEW HIGH-SPEED WING TO VALIDATE 10-PERCENT L/D IMPROVEMENT

e TEST WING/FUSELAGE TO VALIDATE IMPROVED NACELLE INTEGRATION PROCEDURES
e FABRICATE AND TEST HIGH-SPEED MODEL TO VALIDATE FUSELAGE CLOSURE AND UPSWEEP

e OPTIMIZE TAIL TWIST — HIGH-SPEED MODEL TESTS

LOW SPEED

e DESIGN, TEST, AND EVALUATE SLAT HIGH-LIFT SYSTEM AT HIGH REYNOLDS NUMBERS
e DESIGN AND TEST IMPROVED LATERAL CONTROL SYSTEMS

INLET TESTING

e ACOUSTIC LINER AND BICONE LEAF SEAL — MODEL SCALE

e LOW-SPEED ACOUSTIC AND PERFORMANCE UP TO CHOKE — MODEL SCALE

e LOW- AND HIGH-SPEED INLET PERFORMANCE — MODEL SCALE .
e LOW- AND HIGH-SPEED VALIDATION OF INLET PERFORMANCE — LARGE SCALE

NOZZLE TESTING

e SUBSONIC AND SUPERSONIC PERFORMANCE — MODEL SCALE
e ACOUSTIC LINER RESEARCH — MODEL SCALE
e LOW- AND HIGH-SPEED FLIGHT VALIDATION — LARGE SCALE

CONFIGURATION INTEGRATION — TO EVALUATE SCALE OF TECHNOLOGY READINESS

80-AST-60608
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COMPARISON OF
ARC 9 x 7 AND LRC 4 x 4 DATA B1-W2

0.25
| (o)
0.20 +— 0
o .
o TEST RUN MACH
0.15 - 04x4 2 200
5 09x7 211 200
C 10 |- &
L 0.10 s
&
| o
0.05 o
(0]
0.00 | °
(o]
0
—0.05 | | ] ] ] | | | ] J

0.000 0.005 0.010 co.o~m 0.020 0025 0.030 0.035 0.04C 0.045 0.050
C
D

80-AST-6378
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» ’

TRANSONIC LEADING EDGE (TLE) CORRECTION

SEMI-EMPIRICAL CORRECTION OF WOODWARD
FOR IMPROVED DRAG PREDICTION
Docnom%bv
0.10r O24 | L/

0 D3230-2.2-6 Agp = 69.1°
{ SCAT 15F-9898 Agp = 72.3°

0.08 I O D-3230-2.2.5E Agp = 67.5°
V 68° DELTA Agp = 68°
024 7 55° DELTA Agp = 55°
0.06 |- 22, .3 vas NOTE: SUBSCRIPT VALUES ARE
Aa 236092 592 FREESTREAM MACH NUMBERS AED
CL 2.2
0.04
0.02
23 9
WING W4 AT
2.36M
0021 _ 7 30
L | i | i I | | l i ] J

0.7 08 09 1.0 1.1 1.2 13 14 15

1.6 1.7 1.8

8-AST-6241-1A
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COMPARISON OF B1-W4 DATA TO ESTIMATE

&
0.200
0.150 |
M = 216
RUN = 11,14
0.100 |- BETA= O
32
ESTIMATE
0.050 |- NO LE THRUST
¢ 0 EXPERIMENT
0.000 |-
—0.050 |-
—0.100 L ! 3

0000 0004 0008 0012 0016 0020 0024 0028 0032 0036 0.040
C
D

80-AST-63798
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CAMBER SURFACE DEVIATIONS FOR WING W4

JUNE 1980
00— SISy
0.102 cm Qlﬂlﬂﬂ ﬂﬂ““ﬂ“ﬂﬂjmﬂﬂm
(0.040 IN.)
| 737 cm |
(29.0 IN.)

80-AST-6387
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DESIGN WING FOR
LEADING EDGE THRUST BY SPECIFYING C,

0.200

0.160

0.120 |-

O_. OPT=0.1
—S— CL OPT=0.07
—8— C. OPT=0.04

0.080
WING W58 PLANFORM
0.040 |, M=22
'0.000
—0.040 | \ 1 I \ _

0.000 0.002 0.004 0006 0.008 0.010 0012 0014 0016 0.018 0.020
Cp

80-AST-6388 A
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DESIGN WING FOR LEADING EDGE
THRUST BY SPECIFYING LOADING

0.200
- 0160
REF C, OPT = 0.1
i —&>— MODIFICATION — 2
0.120 ——F3— MODIFICATION — 4
WING W58 PLANFORM
0,080 M= 22
0,040
0.000 |-
—0.040 _ _ —

0.000 0002 0.004 0.006 0.008 0.010 0012 0014 0.016 0.018 0.020 0.022
Co

80-AST-6390A
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RESULTS OF LEADING EDGE
THRUST WING DESIGN STUDY

ANALYSIS METHOD HAS BEEN DEVELOPED AND VERIFIED
USING DOUGLAS EXPERIMENTAL DATA BASE AND NASA
ANALYSIS PROGRAM

IDENTIFIED NO CRUISE PERFORMANCE IMPROVEMENT FOR
AN AST CONFIGURATION AS COMPARED TO PRESENT
DESIGNS -

LEADING EDGE THRUST ANALYSIS PROVIDES A SIGNIFICANT
IMPROVEMENT IN OFF-DESIGN ANALYSIS CAPABILITY

LEADING EDGE THRUST WINGS MAY STILL HAVE BENEFITS
FOR FIGHTER-TYPE AIRCRAFT THAT REQUIRE SIGNIFICANT
MANEUVERING CAPABILITY

80-AST-6381A
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MCDONNELL UOCOP@,
.

CORPORATION

NASA LOW-SPEED MODEL IN LANGLEY 30- BY 60-FT TUNNEL
DONNELL DOUGLAS AST BASELINE DESIGN

{

1! (1979 TESTS)

o b AT
: R e Reles
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TWO-DIMENSIONAL METHODS COMPARISON

16 i DOUGLAS AST WING W2
a = 12 DEG | F
14 F\ ATn = 087, ¢, = 1.31 A
LEADING-EDGE FLAP _
. DEFLECTED 29 DEG (NORMAL)
12 | CCOS A
10 -
—Cp —e— 3.D NEUMANN SOLUTION
8| —O— RIGOROUS SIMPLE SWEEP
~—O— SHEARED WING
6 - —O— NONRIGOROUS SIMPLE SWEEP
4
N -
O | | I | 1 1 l
0.0 0.4 08 0.12 0.16 0.20 0.24 0.28

80-AST-6453
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(1-Cely

TWO-DIMENSIONAL POTENTIAL FLOW
SOLUTION AT 34-PERCENT SEMISPAN

5y=35DEG  C,y=44

80-AST-6446
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LEADING-EDGE NORMAL WUSS GEOMETRY

AT ALL SPAN STATIONS
— " — 1 14 - WUSS LENGTH
\ GAP
13 |-
nuna
[ ™ 12 |
r» i
) . J ox MF
| Alm_,"\ mmwmhqb_.,_,\_m twe 10
09 |- SELECTED
WUSS
WUSS NOSE HEIGHT SHAPE
ZETA = Z,/t,, = 0.10 08 |-
07 -

O¢ | | ] | ] J

10 20 30 40 50 60 70
DESIGN DEFLECTION (DEG)

80-4ST-6454A
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STREAMWISE AIRFOIL SECTION CUTS

NOMINAL DEFLECTIONS

50
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LEADING EDGE SLATS

AST OUTER WING SECTIONS

& . ACTUATING LINKAGE

52
TRACK AND ROLLERS

B0-AST-6288




THREE-DIMENSIONAL SLAT
DEFINITION FOR NEUMANN ANALYSIS




LOW-SPEED AERODYNAMICS STATUS

PRELIMINARY TWO-DIMENSIONAL AERODYNAMIC ANALYSIS
COMPLETED

MECHANICAL ACTUATION SYSTEM DEVELOPED WITHIN AIR-
FOIL CONTOUR CAPABLE OF DRIVING THE SLATS TO THE
NOMINAL DEFLECTION ANGLES

THREE-DIMENSIONAL AERODYNAMIC ANALYSIS CURRENTLY
UNDERWAY

80-AST-6049
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LOW-SPEED INLET TEST PROGRAM

ACOUSTIC COWL

TYPICAL
COWL SLOT

PERFORMANCE COWL

NASA P CENTERBODY 56

o JOINT NASA LEWIS — MDC DOUGLAS TEST PROGRAM
e MODIFIED NASA P INLET MODEL

TO INVESTIGATE TRANSLATING COWL EFFECTS ON INLET AIRFLOW, PRESSURE
RECOVERY, AND NOISE

e INCORPORATES VARIABLE AUXILIARY SLOT WIDTH AND COWLS TAILORED
FOR PERFORMANCE AND ACOUSTIC TESTING

80-GEN-203318B
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SCHEMATIC INLET CHARACTERISTICS

FORWARD | REAR -
CENTERBODY CENTERBODY
, POSITION POSITION
N4 - zcaseaEn e
—_ 58
Pr —_— N\
2
| — . J
. —
'ENGINE FACE | :
PRESSURE
RECOVERY

ENGINE FACE MASS FLOW (1)

80-AST-6323
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THEORETICAL PRESSURE DISTRIBUTION AROUND
THE TRANSLATED LIP UNDER LOW ENGINE
MASS FLOW CONDITIONS

CR-2467

MOD-"\ ﬂ
SLOW WIDTH 5.08 cm (2.0 IN.)
V ENGINE FACE

= 0.5 (OFF DESIGN)

—12 . V FREE STREAM
INCOMPRESSIBLE PRESSURE —11 k CR-2467
COEFFICIENT BASED ON —10 |
—9 }
ENGINE FACE CONDITIONS -8
—7 |
—6 |
—5 |
—4 |
—3 F
—2}
—1 }
O -
1 -

80-AST-6405
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OPTIMUM SLOT TRANSLATION
BASED ON BALANCING PRESSURE PEAKS

4

V ENGINE FacE _
V FREE STREAM

20

MINIMUM PRESSURE
COEFFICIENT -2 I

BASED ON ENGINE
FACE CONDITIONS

- AVAILABLE TEST RANGE >

L 1 1 i L 1 1 1 I L | ] 1 J

0 2 4 6 8 10 12 cm

(0) (1) (2) (3) (4) (5) (IN.)
COWL SLOT WIDTH st ouoan
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LOW-SPEED INLET TEST STATUS

OCTOBER 1980

GEOMETRY OF INLET AND LIP DEFINED; MODEL DRAWINGS 95
PERCENT COMPLETE

INSTRUMENTATION DEFINED
TEST PLAN DEFINED AND REVIEWED WITH NASA

INITIAL DISCUSSION CONDUCTED ON METHOD OF MODEL SUP-
PORT AND FAN AIRFLOW CALIBRATION

FABRICATION 75 PERCENT COMPLETE

80-AST-6409A
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ENGINES STUDIED

GENERAL ELECTRIC | A
o mmmu\._: STUDY B18

o GE21/J11 STUDY B18B
« GE21/J11 STUDY B25B
« GE21/J10 STUDY B7 (TWO INLETS)

66

PRATT & WHITNEY AIRCRAFT
e VSCE-511R

e VSCE-522
e LBE-431R (TWO INLETS)

80-AST-6432
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GE21/J11 STUDY B18 AND B18B ENGINE SIZING

114

112

110
FOUR-ENGINE

EPNL

(EPNdB) 108

106

104

250
(600)

0.3 M, STANDARD -+ 18°F DAY,
Ag =6935cm2 (1075IN.2)

GE NOISE WITH 4-dB SUPPRESSOR

FLYOVER
N

_

N
381 kg/SEC N
(840 LB/SEC)

N

N

MINIMUM SIZE

SIDELINE

N _..___m_z FLOW

- 68

_ 300

hm_o

550 kg/SE
\_ .

(1000)

ENGINE SIZE

(1200)(LB/SEC)

80-AST-6423
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GE21/J11 STUDY B25B ENGINE SIZING

0.3 M, STANDARD - 18°F DAY
GE NOISE, SUPPRESSED
A g = 7452 cm 2 (1155 IN.2)

112 A F
.....m.mm_.\mz 474.9 kg/SEC
(1047 LB/SEC)
A,
110 4*.5\
MINIMUM
108 SIZE
FOUR-ENGINE
NOISE EPNL
(EPNdB) 106
I
1041~ S
102 _ _ ] _ | _ SEC
00 350 400 450 5 50 600 650 kg/SE
300, l | | P 3 o €

(700) (800) (900) (1000) (1100) (1200) (1300) (1400) (LB/SEC)
ENGINE SIZE . sossteas

70
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114

FOUR-ENGINE 110—
EPNL

(EPNdB) 106 .~

102 —

(LB/SEC) kg/SEC

GE21/J10 STUDY B7 ENGINE SIZING

W Vel

b\O\o
\O\
07 N—109.7 EPNAB

I w,omr,zm\

106.3 EPNdB

0.3 M, STANDARD + 18°F DAY

(1000) [ 450 —
GE SUPPRESSOR, GE NOISE
(900) [— 200l ! Ag =7948 cm2 (1232 IN.2)
ENGINE /o !
SIZE (800) |- \
350 |— ,o/
< 325.7 kg/SEC
7\ e 7 kg

(700) |- ﬁo (718 LB/SEC) ©

300 }w.o

mom | 700 | m_oo ¥ 900 m/SEC
(2000)

(2200) (2400) (2600) (2800) (FT/SEC) 80 AST 6425
IDEAL JET VELOCITY |

72
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P&WA VSCE-511R ENGINE SIZING

VARIABLE FPR AT FLYOVER
P&WA NOISE
0.3 M, STANDARD - 18°F DAY

2 FAN PRESSURE RATIO
FOUR-ENGINE .| w\\lww FLYOVER 110
EPNL AT FLYOVER 1|||\%4\ . ]
(EPNdB) 108 7 |/ 108 FOUR-ENGINE
| A EPNL AT SIDELINE
106 - &7 106  (EPNdB)
XS
< 104
(LB/SEC) keg/SEC
' (1100) — 500 | | 1102
ENGINE  (1000) 7 450 &, S
SIZE (900) I 400 /A.m.. Aw,o.ﬁw,
B /oﬁ 379.7 kg/SEC
ANOOV | N\ (837 LB/SEC)
350 N
(700) | | N _ _ | ] N
60 70 80 90 100 110 120 140 kg/SEC

| 1 | |

(32) (36) (40) (44) (48) (52) (56) (60) (LB/LB/SEC

SPECIFIC THRUST (Fp /Wg)

80-AST-6417
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P&WA LBE-431R ENGINE SIZING FOR TAKEOFF

0.3 M, STANDARD +- 18°F DAY

108

106 [—

FOUR-ENGINE
- EPNL-TRADED

(EPNdB)
104 —

102

76

700

750 800 840

ENGINE SIZE (LB/SEC)

80-AST-6427
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P&WA VSCE-511R ENGINE SIZING INCLUDING APPROACH

P&WA NOISE
394 FT ALTITUDE, 021 M
STANDARD + 18°F DAY
ENGINE SIZE = 364.0 kg/SEC (8025 LB/SEC)

125

120

FOUR-ENGINE

NORMAL INLET

NORMAL FLOW ENGINE

HIGH FLOW ENGINE
NORMAL INLET

CHOKED INLET
HIGH FLOW ENGINE

30000 40,000 50000 60,000 70,000 mo.a_voo 90,000 N
| |

|

EPNL
115
(EPNdB)
110
-J-‘-
105
\
(6000)

(10,000) (14,000)

THRUST

(18,000)

(22,000) (LB)

80-AST-6418

NORMAL FLOW ENGINE
| CHOKED INLET
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INLET COMPARISON, P&WA LBE-431R ENGINE

ﬁ 5600
5400 —
RANGE 5200 —
(N MI)
719 LB/SEC
- N
5000 N
~ N
>N
/.
4800 [~ 4 TAKEOFF FIELD LENGTH — 3353 m (11,000 FT)
O TAKEOFF NOISE CONSTRAINT
4600 | _
600 700 800 900

ENGINE SIZE (LB/SEC)

80-AST-6420
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'RANGE PERFORMANCE, GE21/J11 STUDY

RANGE
(N Mi)

6200

B18 AND B18B ENGINE

- 6000 |—

5800 [—

5600 —

5400 L

— 5723 N MI
5685 N Ml —

—— TAKEOFF FIELD LENGTH — 3353 m (11,000 FT)

O TAKEOFF NOISE CONSTRAINT 820 LB/SEC

| _ _

600 700 800 900
ENGINE SIZE (LB/SEC)

80-AST-6429
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’

RANGE PERFORMANCE — P&WA VSCE ENGINES

5600

VSCE-511R
5400 L

837 LB/SEC

RANGE
(N M) 5273 N MI
5200 VSCE-522 960 LB/SEC .
5036 N M
5000
0
0 700 800 900 1000

ENGINE SIZE (LB/SEC)

80-AST-6441
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ENGINE MISSION PERFORMANCE SUMMARY

GE GE GE GE P&WA P&WA P&WA
ENGINE - B18 B18B B7 B25B 511R 522 431R
SIZE — LB/SEC 820 820 714 863 837 960 719

CLIMB SFC 1.216 1.240 1.274 1.203 1.580 1.376 1.354

2.2 CRUISE SFC 1.277 1.270 1.298 1.270 1.333 1.339 1.318

L/D MIDCRUISE 10.321 10.316 10.320 10.320 10.183 10.291 10.295

RANGE (N Mi) 5679 5723 5548 5656 5273 5036 5429
MAXIMUM RANGE/ENGINE 5968/674 | 6005/670| 5900/560| 6035/676|5392/690| 5296/705] 5460/680

80-AST-6436 A

.86.



EEYS-1SY-08

387 NI G31VHOdUOINI HIXIN TVIINVHOIWN
Y3XIN 40 ALTIGYOITddY QIM3IIATY

dIV INVA 1Sdld INIINL DNITO0J3ud
404 YIONVHIX3 1VIH QILVHOJHOONI ‘aUINO3Y IV ONITO0D AIOoNa3IY

S3LNIEVYdVI ONIMTO0D AaM3IIAIY

4.009¢ Ol 4.00T.Q3aSVIYONI JUNLVYIdNIL LIX3 HOLSNEGWNOD WNWNIXYIN o

4.0 40
NOLLONAIY FAUNLVYIdNIL IDUYVHISIA YOSSTUANOID WNINIXYIN NI QILTINSTY o

S3LNIAVdVI STVIRIALVIN A3103rodd A3IM3IAY

SINIOd S'¢ GIAOHdII 4 ¥INMNG L1ONA 3DOSA
ANIDN3 LNOHDNOYHL 4 ININOdWOD GIAQUdII NI Q3LTINSTY

S3ION31J1443 LNINOJIWOD d310103Ud AIM3IAY

m._.<an5 AD0TONHO3A1 WY3L-YVAN

SANION3 31VAIANVYD LSY YM73d

8



P&WA AST CANDIDATE ENGINES

NEAR-TERM TECHNOLOGY UPDATE

LOW-BYPASS ENGINE

. VARIABLE-STREAM-CONTROL

| ENGINE
-431R -432 -511R -512
AERO DESIGN PT
WAT2 710 710 750 750
FPR 3.53 3.41 3.3 3.25
OPR 16.6 15.3 13.6 13.0
BPR 0.2 0.3 1 0.85 1.0
TCA 15 PERCENT | 12PERCENT | 15PERCENT | 13 PERCENT
MIXER — YES — —
HEAT EXCHANGER — YES — YES
DUCT BURNER NA NA 92 94.5

80-AST-6435
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TSFC

1.05

095

NEAR-TERM TECHNOLOGY UPDATE

LBE PERFORMANCE COMPARISON

LBE-431R

== == =— LBE-432 (UPDATED TECHNOLOGIES)

36,089 FT/0.9M/STANDARD DAY

Fy (1000 LB)

18

50,000 FT/2.2M/STANDARD DAY

132
1.28 [
124 Lo
1.20 | |
15 20 25
Fy, (1000 LB)

80-AST-6416
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AST GENERAL ARRANGEMENT

308 PASSENGERS
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TRANSLATING CENTERBODY INLET

M 2.2 DESIGN

\I COWL INTAKE OPEN

CRUISE AUXILIARY DOORS CLOSED  sastea1a
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WEIGHT SUMMARY, D3233-2.2-1C

308 PASSENGERS, 340,200 kg (750,000 LB) TOGW
B-18 ENGINE, SPF/DB SANDWICH STRUCTURE

COMPOSITE SECONDARY
REFERENCE STRUCTURE AND BICONE INLET WEIGHT SAVINGS
kg (LB) kg (LB) kg (LB)

WING 33,069* (72,903)* 31,347 (69,108) 1,722 (3,795)
HORIZONTAL TAIL 1,855 (4,089) 1,752 (3,863) 103 (226)
VERTICAL TAIL 1,424 (3,145) 1,353 (2,982) 74 (163)
FUSELAGE ~ 19,474 (42,932) 18,956 (41,791) 515 (1,141)
LANDING GEAR 16,451 (36,267) 16,451 (36,267)
FLIGHT CONTROLS 4,237 (9,340) 4,237 (9,340)
INLET AND NACELLE 5,790 (12,760) 4,630 (10,208) 1,160 (2,552)
PROPULSION 24,950 (54,996) 24,950 (54,996)
FUEL SYSTEM 1,733 (3.820) 1,733 (3.820)
EMERGENCY POWER UNIT 431 (950) 431 (950)
INSTRUMENTS 561 (1,237) 561 (1,237)
HYDRAULIC SYSTEM 2,578 (5.684) 2,578 (5,684)
PNEUMATIC SYSTEM 637 (1,405) 637 (1,405)
ELECTRICAL SYSTEM 2,231 (5.116) 2,321 (5.116)
NAVIGATION AND

COMMUNICATION SYSTEM 1,274 (2,809) 1,274 (2,809)
FURNISHINGS 12,666 (27,924) 12,666 (27,924)
AIR-CONDITIONING 2,261 (4,985) 2,261 (4,985)
ICE PROTECTION 222 (489) 222 (489)
HANDLING PROVISIONS 41 (90) 41 (90)
MANUFACTURER'S .

EMPTY WEIGHT 131,975 (290,941) 128,401 (283,064) 3,574 (7,877)
OPERATIONAL ITEMS 3,963 (8,738) 3,963 (8,738)
OPERATIONAL

EMPTY WEIGHT 135,938 (299,679) 132,364 (291,802)

*INCLUDES 330-kg (739-LB) FLUTTER/STRUCTURAL INCREMENT 80-AST-6407
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7/ i i
MCDONNELL UOEQF)MW AST MODEL D-3233-22-1

52—~ RANGE PERFORMANCE

MTOGW = 340,200 kg (750,000 LB)

SPF/DB SANDWICH, COMPOSITES, BICONE INLET
308 PASSENGERS

(N MI) km
(6200)r 11,500
—} TAKEOFF FIELD LENGTH 3353 m (11,000 FT) .
O TAKEOFF NOISE CONSTRAINT
(6000) -
11,000 |-
: (5800)
RANGE
10,500
(5600)}
(5400)- 10,000
(5200)™ e - »M GE21/J10-87

9,500 | P&WA LBE-431R

| 1 | 1 | 1 1 —
280 300 320 340 360 380 400 420 kg/SEC

| 1 | | 1 L |
(600) (650) (700) (750) (800) (850) (900) (LB/SEC)
ENGINE SIZE

B0-AST 6374-3A
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AST MODEL D-3233-2.2-1

RANGE PERFORMANCE

MTOGW 340,200 kg (750,000 LB)

(N MI) km SPF/DB 308 PASSENGERS
W (6200) 11,500 GE21/J11-B18 ENGINE
- e TAKEOFF FIELD LENGTH
3353 m (11,000 FT)
(6000) - T —— O TAKEOFF NOISE CONSTRAINT
11,000 JE CLIMB THRUST CONSTRAINT
x>hMmM9 B BICONE INLET, :
10,500/ COMPOSITES — SECONDARY STR /// A\Immﬁ\.: 1-B188
(5600) |-
) eSS
| l\ 350 PASSENGERS — B18B
(5400) |- 10,000} TRANSLATING INLET
(5200) L :
9,500L ] | | | ] | ] J

280 300 320 340 360 380 400 420 kg/SEC
L | | | | | J
(600) (650) (700) (750) (800) (850) (900) (LB/SEC)
ENGINE REFERENCE AIRFLOW

80-AST-6406-1
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OBJECTIVES OF
MOVING-BASE SIMULATOR TESTS

LANDING APPROACH

PILOT RATINGS

* UNAUGMENTED

* FULL AUGMENTED SYSTEM
* LONGITUDINAL HSAS

e LATERAL HSAS

RIDE QUALITIES EVALUATIONS

e COCKPIT
* CENTER OF GRAVITY
* AFT FUSELAGE STATION

B80-AST-6392
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TIME RESPONSES FOR 3-SECOND PULSE INPUTS

15
10
5
- PITCH
ATTITUDE O
DEG
(DEG)
—10
—15
20
15
10
ROLL
ATTITUDE 05
(DEG)
0
-05
-10

FIXED-BASE UNAUGMENTED

——

1-DEG COLUMN PULSE

4 6 8
TIME (SEC)

1-DEG WHEEL PULSE

[N\ | A

[\ 1/ \

\\

WAV S

10 15 20
TIME (SEC)

25 30

80-AST-64C1
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ESTIMATED CROSSWIND LANDING CAPABILITY

50
40 |-  ROLLLIMIT: ¢=56 cmmxmmml/.
COMPONENT

(KNOTS) % |
20 ROLL CONTROL LIMIT :

(25-PERCENT SAFETY FACTOR)
10 |-

0 _ _ _ | )

120 130 140 150 160 170
TRUE AIRSPEED (KNOTS)

80-AST-6440
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AUGMENTATION SYSTEM METHODOLOGY

110 7

LINEAR SYSTEM DEVELOPMENT

e MODEL FOLLOWING USED IN LONGITUDINAL
(UNSTABLE) AND LATERAL (UNDERDAMPED) AXES

o CONTROL LAWS DEFINED AND EVALUATED

NONLINEAR SIMULATOR EVALUATIONS
e FIXED-BASE SIMULATOR

MOVING-BASE SIMULATOR TEST

B0-AST-6399
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TIME RESPONSES FOR 3-SECOND PULSE INPUTS

15
10
5
PITCH
ATTITUDE O
(DEG)
—5
—10
—15
20
15
10
ROLL
ATTITUDE 05
(DEG)
0
-05
-1.0

TIME (SEC)

FIXED-BASE
e —— e
// 1-DEG COLUMN PULSE
//
—— UNAUGMENTED TN
— — AUGMENTED //
N\
2 4 6 8 10 12
TIME (SEC)
/1 —
\/ 1-DEG WHEEL PULSE
\L N A~
K / \ \ P
5 10 15 20 25 30

30-AST-6400
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FIXED-BASE SIMULATOR TESTS

NONLINEAR, 6 DOF

EVALUATION OF AUGMENTATION SYSTEMS
e CONFIRMED LINEAR ANALYSIS
e MODIFIED AS RESULT OF PILOT COMMENTS
e EVALUATION IN GUST ENVIRONMENT

RESULTS OF FIXED-BASE TESTS PROVIDED SYSTEM FOR
MOVING-BASE SIMULATOR |

80-AST-6396
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PRELIMINARY MOVING BASE RESULTS

UNAUGMENTED CONFIGURATION IS UNSATISFACTORY
WITH AND WITHOUT TURBULENCE

FULL AUGMENTATION SYSTEMS PROVIDE SATISFACTORY
TO ACCEPTABLE PILOT RATINGS

MODERATE TO HEAVY TURBULENCE DEGRADES
AUGMENTED CONFIGURATION

MAXIMUM CROSSWIND AT LANDING — 22 KNOTS

LATERAL AND LONGITUDINAL HSAS ALMOST AS
ADEQUATE AS FULL-UP SYSTEM

80-AST-6445
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FUTURE TASKS

REDUCE MOVING-BASE DATA

ESTABLISH PILOT RATINGS AND COMPARE WITH OTHER
RATING METHODS

OBTAIN GUST AND CROSSWIND PERFORMANCE
EVALUATE OTHER FLIGHT CONDITIONS ON SIMULATOR

80 AST 6391
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SPF/DB SANDWICH PHASES OF FABRICATION

FOUR-SHEET SANDWICH
\A| ROLL SPOT WELD PATTERN

GAS PRESSURE TUBE \ - \ N w\ \\ __
\

N~ \ \ \ \

m > >

ENVELOPE (SECTIONED) BEFORE SUPERPLASTIC FORMING

WELDED _

Sz 7 7
— 3 — —
Z =
GAS PRESSURE —»

ENVELOPE (SECTIONED) PARTIALLY FORMED

FACE SHEETS ||7\ Yo 1 \
\|zo 2
—
w,m.m.mmcmm Ivl\ \NQM/\\__lva \__ull% \ W\\ >
J1E \ ™

FIXTURES
NO. hl\ /IZO. 3

ENVELOPE (SECTIONED) WITH FACE SHEETS FORMING COMPLETE SANDWICH

8-GEN-20276E
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MCDONNELL BOCQ-N@

CORPORATION

STRUCTURAL ASPECTS OF MDC PROPRIETARY
SPF/DB SANDWICH

e ABILITY TO FORM SMALL CELLS AND TRANSVERSE WEBS, THEREFORE
MORE EFFICIENTLY CARRY BIAXIAL AND SHEAR LOADS

e CAN MAKE THE FACE AND CORE TO ANY DESIRED CONFIGURATION AND
THICKNESSES — TAILOR (OPTIMIZE)

e TRUSS CORE SANDWICH IS LESS EFFICIENT IN TRANSVERSE SHEAR THAN
WEBS IN TRANSVERSE SHEAR

e ACHIEVED TWO-TO-FOUR LIFETIMES IN FATIGUE

e ACHIEVED 143,000 PSI IN COMPRESSION — DID NOT BUCKLE

8-AST-62140




TEST STRUCTURE

FORWARD FUSELAGE

L2

80-AST-6272 A



TEST STRUCTURE

FORWARD FUSELAGE

\|_.Ozomxoz
[

]

O;010,0,010]0
................................................. LONGERON
__A_Uwom ................................. g-::..-..,--..............l........Hu.,,.l.....H..H....uD\
TYP ) .
S S I D FLOORLINEZ =0
o ey e e S
m:m ,,,,,,,,, el LONGERON

STA. 780.000 -

o e

j«———NOSE GEAR BAY ——+=_gsTA 920.00

B0-AST-6299 -
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TEST STRUCTURE

FRAME AND NOSE GEAR DOOR

j SPF/DB
NOSE GEAR DOOR

_ (*
SPF/DB .\ ,

PANEL

Z =-36.000

— VIEW C
X = 30.000 ﬂ AIRCRAFT 80-AST-6298-1A
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TEST STRUCTURE FUSELAGE/WING BOX

31

80-AST-6270



TEST STRUCTURE

WING/AFT FUSELAGE _Z._.m_»mmo._._OZ

Y = 2640.0 Y = 2700.0
A Y, = Nmao 0 - .
Y, = 2540.0 -
_"rooww:z.m
_ Nn =0 A_. i
UPPER (CENTER REF PLANE) ||
WINGPROFILE~__ I | ; I
..... ey
]
I T —
LOWER |\/ I, st
WING PROFILE >.m_~0 _.am_u PLANE BO-AST-6296
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TEST STRUCTURE

TYPICAL FRAME/LONGERON JOINT

—n

G-G I

80-AST-6301
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e

MCDONNELL UOQA«-N\@’

CORPORATION

MALE SHOULDER ﬁ_c._._._ PREDICTION

1990
SHOULDER WIDTH SEATED — NUDE

220 1
| CHOSEN WIDTH (212 + 03 CLOTHING) L o
210 | {22
|
1
'MALE oa .
m:&cm.qﬂmx 19 1050
| PREDICTION
(INCHES)
175
16.0 _ . _ :
1940 1950 1960 1970 1980 1990
< m>z 80-GEN-23795 A

DATA: HUMAN FACTORS ENGINEERING, DAC, 17 MARCH 1978
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ommenaTe MDC DEVELOPMENT

FILAMENT-REINFORCED PANEL

SPF/DB SANDWICH (RECTANGULAR PATTERN)
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CORPORATION

MDC DEVELOPMENT

T-38 MAIN LANDING GEAR DOOR

SPF/DB SANDWICH (RECTANGULAR PATTERN)

80-GEN-24662A



NOILVAITVYA 1SOD ANV LHOIIM 304 SAINGNISSY
TVHNLINYLS 3OUVT 40 NOLLVILINI 3LVIGIWNT ANJWWOIIH

HOIMANYS 8d/4dS 400Q 4V3ID ONIANVT NIVN 8E-1  «
3903 ONITIVYL ONIM o
T3NVd G3DYOLNIFY-LNIWNVIL o

34V S440NIdS

(1S31 ANV ‘NOLLYOINEV4 ‘NDISIA) A3d0T13A3A DNI3E
S| SINJWHOVLLY ANV ‘'S¥379N0A 39d3 ‘Y00d SS3JIV
HLIM T3INVd ONIM HOIMANVS 80d/4dS FAILVINISIUdIY V

SY3IGW3IIN 39A3 1N3IDI443 ANV STIANYd IDUVYT 404 d33N
dHL MOHS S3IdN1S 1d3ONOD N9IS3A ONIM ANV IOVI13ISNd

J31VY1SNOW3A

N338 SVH SS300dd DA JHL DNISN HOIMANVS 8d/4dS
WNINVLIL 40 ONILS31 ANV NOILLYORIEGYd LNJWNITI-TTVINS

AYVINNNS



